Morphological changes affected by endophytes on induction of cold tolerance in
two species of Festuca
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Table 1. Analysis of variance for shoot dry weight (SOW), root dry weight (RDW), crown dry weight (CDW),
number of tiller (NT) and regrowth (RG) in different genotypes, endophyte levels in control treatment

Trait cliv  wys e 0 e 0 EERIND Sl A
S o eIt s el ads a5 ;b ey Sdes
S.0.V. df SDW RDW CDW NT RG
Genotype <55 2 0.90 ** 3.78 ** 0.29 ** 456.72 ** 347.39 **
Endophyte PR 1 0.43* 866 ** 0:27 ** 144.50 ** 9.39"™
GxE bkl x o g5 2 3.85** 4.70 ** 0.48 ** 292.17 ** 1.72™
Error o 12 0.06 0.04 0.01 2.33 15.44™
CV % S ok b ey 9.07 8.18 12.94 4.68 13.12

*and ** : Significant at 5% and 1% probability levels, respectively.

ns: non- significant

**x x

.M);\}Odkblcbszjbg;‘m%.;jqi 9

Ol gma e NS

‘&\}Jc\x\&;}ojjgwéu‘yl,}d\%;J:,Qujmcjbﬂqstu%}s;@i@ —Y Jgd
H\ALA;’)LA.::)J‘JWMJ"W}‘M‘é#&o)}‘w}&}d)}

Table 2. Means of different genotypes, endophyte levels and combination of these factors for shoot dry weight
(SOW), root dry weight (RDW);, crown dry weight (CDW), number of tiller (NT) and regrowth (RG)

in control treatment

Trait olis e 05 e 0 EERI sl Sdee b
besles () ls it ()« (%) 450 oy (452)

Treatments SDW (g) RDW (g) CDW (g) NT RG (%)
60 555 252b 3.23a 1.13c 26 ¢C 25b
75 55 246 b 1.89b 3.88a 29b 27b
83 ssj 3.16a 1.82b 3.69b 43 a 39a
LSD 5%) 0.309 0.238 0.146 1.92 4.94
E") byt gyl 3.34a 3.52a 1.02a 35a 3la
(E) cubyksl O 2.08b 211b 0.78 b 30b 29a
LSD (%) 0.253 0.194 0.119 1.569 4.04
60 E* 282c 4.58 a 1.22 ab 32¢c 26b
60 E 2.23d 1.88e 1.03 bc 20d 23Db
75E* 3.34b 3.85b 130a 37b 27Db
SE 158e 29c 0.47d 22d 26 b
83E" 3.86a 2.13d 0.54d 48 a 39a
83 E 2.45cd 151e 0.83e 37b 38a

Ll Ao 3 0 Jlax|

o 53 13 (e B &S e 2 U 51l (sl Sl

Means, in the same column, with different letters differ significantly at 5% probability level- Using Duncan Multiple Range

Test.
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Table 3. Analysis of variance for shoot dry weight (SDW), root dry weight (RDW), crown dry weight (CDW),
number of tiller (NT) and regrowth (RG) in different genotypes and endophyte levels in 6 °C treatment

Trait Sliw 4 e 0 &S 0 e 039 Slda NE)

Ol pta @sl3T @l el s @b oy Sdome
S.O.V. df SDW RDW CDW NT RG
Genotype G55 2 0.81 ** 7.25 ** 2.52 ** 732.67 ** 8181.06 **
Endophyte Sl 1 0.61* 2.19 ** 1.05 ** 174.22 * 7174.22 **
GxE Skl x 55 2 0.22™ 0.12"™ 0.02"™ 22.22"™ 1276.72 **
Error o 12 0.11 0.19 0.04 19.17 43

CVU% Sk co b doys 25.90 17.96 14.62 15.27 17.71
*and ** : Significant at 5% and 1% probability levels, respectively. A3 ) 50 Jlal e 3 Jls e B 4 17K F
ns: non- significant S5 sma s NS

:l;éu@)sijw)swu\quij%slwcd}b&iéojjcuw&iéojj

Table 4. Means of different genotypes, endophyte levels and combination of these factors for shoot dry weight
(SDW), root dry weight (RDW), crown dry weight (CDW), number of tiller (NT) and regrowth (RG)
in 6 °C treatment

Trait s B e 039 e 039 sl VTS

layles (05 2lsn ol () ez (5 64 oy (43
Treatments SDW (g) RDW (g) CDW (g) NT RG
60 555 0.95b 231b 0.77c 21a -78¢c
75 555 1.17b 139¢c 1.17b 24D -5a
83 (s 1.67a 3.58a 240a 41a -28b
LSD &%) 0.412 0.548 0.244 5.50 8.25
E") syl gyl 1.45a 2.77a 157 a 32a 6a
(SDICEPRHIRPNY 1.08b 2.08b 1.09b 26 b -68 b
LSD (%) 0.336 0.448 0.199 4.497 6.74
60 E* 1.32ab 2.78b 1.05cd 26b -57¢
60 E 0.58 ¢ 1.84c 0.50e 16 ¢c -98e
75E* 1.37ab 1.77cd 135¢c 26 Db 20a
BE 0.98 bc 1.01d 0.99d 22 be -30b
83E" 1.66 a 3.77a 231la 43a 20a
83FE 1.69a 3.38ab 1.77b 39a -75d

.JJ;\:J..;):OJL;:a-lcla.a):é)\:@»J)’uﬁlgﬁﬂﬁbd;f‘sb\:éuﬁp

Means, in the same column, with different letters differ significantly at 5% probability level- Using Duncan Multiple Range
Test.
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Table 5. Analysis of variance for shoot dry weight (SDW), root dry weight (RDW), crown dry weight (CDW),
number of tiller (NT) and regrowth (RG) in different genotypes and endophyte levels in -2 °C treatment

Trait Sliw 4 oSast B e 059 EERI Sldss A

R 8315 =ls el Aty &b oy sdos
S.0.V. df SDW RDW CDW NT RG
Genotype G5 2 1.46 ** 0.12™ 0.22 ** 135.39 ** 3.72™
Endophyte Sl 1 7.99 ** 3.01 ** 1.10 ** 501.39 ** 10.56 **
GxE Culbslx g5 2 1.18 ** 0.01™ 0.03™ 26.72 ** 16.72 *
Error =3 12 0.05 0.07 0.02 2.39 3.33
CVU o,k oy o 8.81 12.17 11.36 4.89 1.89
*and ** : Significant at 5% and 1% probability levels, respectively. A3 50 Jlal s 3 Jls e o5 4K 5 X
ns: non- significant 13 sra s NS

;I;&Lﬂ@);—\')Lg.zj')JcJH\quﬁjj%ﬂMcé}b&iéQj)cii»i)&ii-ﬁ)j)

Table 6. Means of different genotypes, endophyte levels and combination of these factors for shoot dry weight
(SDW), root dry weight (RDW), crown dry weight (CDW), number of tiller (NT) and regrowth (RG)
in -2 °C treatment

Trait olie e 039 S 059 e 039 sl e A

bl (05 2lsn gt (5w, (¢S 64k oy (4 y5)
Treatments SDW (g) RDW (g) CDW (g) NT RG
60 555 2.07b 2.27 a 0.88b 27¢c -97a
75 555 2.29 ab 2.00a 114 a 32b -97a
83 (s 252a 220 a 1.26a 36a -96 a
LSD &%) 0.291 0.331 0.156 1.944 2.30
E") oyl gyl 2.63a 257a 1.34a 37a 94a
(SDIMEPRHIRPNY 196 b 1.75b 0.85hb 26 b -99b
LSD %) 0.238 0.27 0.128 1.588 1.88
60 E* 2.24b 2.70 a 1.06b 34b -96 bc
60 E 1.91bc 1.85b 0.70 c 20d -98 bed
75E* 2.79a 2.36a 140a 35b -95b
5 E 1.78c¢c 1.64b 0.88 bc 29¢c -99 cd
83 E" 2.85a 2.64a 156 a 42a 9la
83 E 2.20b 176 b 0.95b 3lc -100d

iyl o530 Jlazl o )3 (51 fae U] S 2 b g sl sla SOl
Means, in the same column, with different letters differ significantly at 5% probability level- Using Duncan Multiple Range
Test.
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Table 7. Analysis of variance for shoot dry weight (SDW), root dry weight (RDW), crown dry weight (CDW),
number of tiller (NT) and regrowth (RG) in different genotypes and endophyte levels in -10 °C treatment

Trait Sliw 4 oSast B e 059 &Ses 0 Sl A

Sl S e @7 slom ol ) b oy R
S.O.V. df SDW RDW CDW NT RG
Genotype Ny 2 2.57 ** 3.74** 0.12 ** 532.06 ** 0.06™
Endophyte Sl 1 0.55 * 3.32 ** 0.08 * 12.50™ 6.72"
GxE Skl x 55 2 0.02" 0.06™ 0.02™ 6.50™ 0.06™
Error o 12 0.07 0.18 0.01 511 1.61
CVU% Sk co b doys 15.21 18.76 9.28 7.28 1.28
*and ** : Significant at 5% and 1% probability levels, respectively. 28531 50 Jlal e 3 Jls e B 4 1 FF 5 F
ns: non- significant 15 sma s NS

f e e e - . - - . . . . - o /-
U\Hvt,u\5\;}d,juw‘_;\h}»b_p@\&ﬁfj}%uj,ucpuxwdu%ﬂép A Jgd>
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Table 8. Means of different genotypes, endophyte levels and composition of this factors for shoot dry weight
(SDW), root dry weight (RDW), crown dry weight (CDW), number of tiller (NT) and regrowth (RG)
in-10 °C treatment

Trait olis e 059 &S 059 e 039 sl INVNT

b les (65 olsn gt () ass, (¢S 64k oy (EWSH)
Treatments SDW (g) RDW (g) CDW (g) NT RG
60 s 3 1.03c 1.71b 0.94 b 21c -99a
75 s} 1.67b 1.84b 0.97b 33b -99a
83 55 2.33a 314a 1.20a 40a -99a
LSD 5%) 0.323 0.527 0.121 2.844 1.59
E") byt gyl 1.86 a 2.66a 1.10a 32a -99a
(E) eyl 0 151b 1.80b 0.97b 30a -100 a
LSD 5%) 0.264 0.430 0.099 2.322 1.30
60 E* 121¢c 2.05 bc 1.00 be 23c -99a
60 E 0.84c 1.38¢c 0.89¢c 19¢c -100 a
75E* 1.92b 2.38b 0.98 bc 33b -99a
5E 1.78 b 131c 0.96 bc 32b -100 a
83E" 245a 356a 133a 40a -99a
83FE 2.22ab 2.72b 1.07b 40a -100 a

ls dp s 0 JL«::-lcla.d):(s)l:&J)&sl&ﬁ»ﬁ.&;}jft_gbbéumi}lﬁ
Means, in the same column, with different letters differ significantly at 5% probability level- Using Duncan Multiple Range
Test.
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Table 9. Combined analysis of variance for shoot dry weight (SDW), root dry weight (RDW), crown dry weight
(CDW), number of tiller (NT) and regrowth (RG) in different genotypes and endophyte levels

Trait oo s S 33 Sas 03 eSas 03 sl A,
N ssl5T wlsn gl 4, &b aoy Sdoue
S.0.V. df SDW RDW CDW NT RG
Temperature Los 3 0.78** 0.29* 0.58** 59.20 ** 9659.07 **
Rep (Temp) (L3) 1,5 4 0.05™ 0.30* 0.03™ 25.63 ** 44.60 *
Genotype T3] 2 3.76** 5.07** 0.84** 1636.06 ** 2457.10 **
Endophyte PRt 1 3.22%* 15.92%* 2.06** 654.01 ** 5408 **
G*E byl x g5 2 1.65** 1.49** 0.04™ 122.89 ** 378.88 **
TxG ogix e 6 0.27** 3.27** 0.77%* 73.59 ** 2025.04 **
TxE ol ykilx Les 3 0.12"™ 0.42* 0.15** 59.53 ** 3963.30 **
TxGxE Cubsilx s x b 6 0.87** 1.13** 0.17** 74.91 ** 305.44 **
Error Lo 44 0.07 0.10 0.02 5.58 13.23
CV% kS g b > 13.65 13.92 12.42 7.62 7.17

*and ** : Significant at 5% and 1% probability levels, respectively.

ns: non- significant

oy ) 50 lal law s s e o 5 41K

Dl (gme e 1 NS

ke (5|j, C,Ailéj..\}‘)(gr:}'}}j ‘T‘ﬁyjju'iub Cjk.w cC,.;lé}-aU\ Cjb-w calises Lg\.hgr.;yj g;:il:ﬁ -\ J_9u\>
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Table 10. Means of different genotypes, endophyte levels, temperature levels and combination of
genotype x endophyte for shoot dry weight (SDW), root dry weight (RDW), crown dry weight (CDW), number

of tiller (NT) and regrowth (RG)

Trait olie s 03 i 05 S O3 N, Sdoes A
L yles (5 s ol (¢ 5) ) (¢5) 450 iy (4s )
Treatments SDW (g) RDW (g) CDW (g) NT RG
60 s} 1.64¢ 2.38b 0.93¢c 24c -62¢
75 s} 1.90b 1.78 ¢ 1.04b 29b -44a
83 sy 242a 2.69a 1.30a 40 a -46b
LSD &%) 0.158 0.185 0.079 1.374 2.78
E") oyl gyl 2.31a 2.88a 1.26 a 34a -42a
((SPISMEPRHRYNY 1.66 b 1.93b 0.92b 28 b -59b
LSD (5%) 0.129 0.151 0.064 1.122 2.27
(Control)asts 2.71a 23la 0.90c 33a 30a
6°C (T 126 ¢ 243 a 1.33a 29a -37b
-2°C (Ty) 2.29a 2.16a 1.09b 32a -97¢c
-10°C (T,) 1.69b 2.23a 1.04 bc 3la -99¢
LSD (5%) 0.208 0.507 0.150 4.685 9.24
60 E* 1.90c 3.03a 1.08 c 29d -57d
60 E 1.39d 1.74c 0.78d 19f -68¢e
75E* 2.35b 2.59 b 1.26 b 33c -37b
75E 1.45d 1.72d 0.82d 26e -5lc
83E" 270 a 3.02a 1.44 a 41a -33a
83 E 2.14b 2.34Db 1.16 be 39b -50d

Test.

Lyls ds 30 Jlea|

23 615 s O 657 ke 8 oy syl sl L
Means, in the same column, with different letters differ significantly at 5% probability level- Using Duncan Multiple Range
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Fig. 1. Regrowth of genotype 83E" (right) and genotype 83E" (left), one month after termination of
cold stress (6°C).
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Fig. 2. Regrowth of genotype 75E" (right) and genotype 75E" (left), one month after termination of
cold stress (6°C).
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The morphological changes affected by endophytes on induction of cold tolerance

in two species of festuca
M. Parsaeianl, A. Mirlohiz, A. Rezaie® and M. Baradaran®

ABSTRACT

To analyze the morphological changes affected by endophytes on induction of cold tolerance in two species of
festuca, an experiment was done at Isfahan University of Technology in 2002.Endophyte-infected and non-
infected clones from two genotypes of tall fescue and one meadow fescue‘were prepared and numbered 75,83
and 60 respectively. The clone were exposed to cold treatment at 20 C. After three weeks of cold treatments,
shoot, root and crown dry weight, number of tillers, cuticle thickness and finally amount of regrowth were
measured. The presence of endophytes had significant effect on increasing the dry weight of shoot, root, crown
and number of tillers. Endophytic fungi had not significant effect in cuticle thickness. Evaluation of regrowth
after termination of stress condition showed that endophytes increase the plant ability to survive and recover
from exposure to cold stress environment. Among plant _genotypes, 83 was better for most characteristics,

specially in the presence of endophyte and showed higher cold tolerance.

Key words: Endophytic fungi, Cold tolerance, Festuca, Morphological trait.
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